ABSTRACT. The current study presents the analytical validation method and performance characteristics of visible molecular adsorption spectrophotometry in determining the nitrogen concentration in water samples after the catalytic oxidation under controlled temperature and pressure conditions, using potassium peroxodisulfate, according to Romanian standard SR EN ISO 11905-1:2003. The quality of the calibration range (the determination coefficient of the calibration curve, the linearity and homogenity tests), the limit of detection, the limit of quantification, selectivity, robustness, recovery tests and the uncertainty calculation of the method allow the successful use of the method, using the specific conditions imposed by the analytical standard method.
INTRODUCTION
The Romanian regulation of monitoring the quality of surface waters [1] and various discharges of wastewaters into surface water [2] requires an analytical determination of nitrogen concentrations in various forms: ammonia, nitrate, nitrite, organic nitrogen, Kejdhal nitrogen and total nitrogen (TN).
The analytical techniques for determining the various nitrogen forms are multiple (volumetric analysis, potentiometry, spectrophotometry, liquid chromatography etc.), but the applied procedures must be standardized, fully validated and internationally accepted. In many laboratories, the streamline of the analytical process refers to the implementation of the safe analytical procedures, and efficient cost reduction of the analysis. Thus, the determination of total nitrogen by catalytic oxidation up to nitrates (NO 3 -) under controlled temperature and pressure conditions using potassium peroxodisulfate (K 2 S 2 O 8 ), in accordance with the analysis SR EN ISO 11905-1: 2003, Annex C4 [4] has become usually applied as an alternative analytic method at digestion of water samples with Devarda alloy.
To ensure the results with high confidence level the implementation of a standardized method in an accredited laboratory is not enough, an assessment of fitness-for-purpose of the method by in-house confirmation is "sine-qua-non" [5, 6] .
RESULTS AND DISCUSSION

The characteristics assessment of the calibration curve
The calibration was performed according to the standard method [4] , in compliance with the scope of the work over the interval (0.5-5.0) mg L -1 (N-NO 3 -).The working standard solutions were obtained by appropriate dilutions of the stock solution of 1000 mg N-NO 3 -/l concentration, derived from potassium nitrate (extra-pure salt, Merck, Germany). The calibration curve ( Figure 1 ) fits to the Beer`s law and was drawn by plotting the typical values of the absorbance due to NO 3 -(obtained by substracting the absorbance value measured at 275 nm from that at 210 nm) against N-NO 3 -concentration of the standards. By using the corrected absorbance of a sample, concentration was directly obtained from the calibration curve. The assessment of the performance characteristics of the calibration curve (Table 1 ) fulfills the performance criteria [7, 8] in terms of linear range: slope, intercept, coefficient of determination, standard deviation, variation coefficient of the method, tests of homogeneity dispersion and linearity. 0.5778 0.00522 0.0090 6.719 Note: *abs -absorbance units; **PG -ratio factor of the homogeneity dispersions test (s1/s10); ***PD -ratio factor of the linearity test; **F (9; 9; 99%) -Fischer value, at significance level (99%) with 9, 8; and 7 degrees of freedom, respectively.
The limit of detection (LOD) and the limit of quantification (LOQ)
The Romanian regulation in force [1] provides a maximum concentration of 1.5 mg L -1 for the first class of surface waters. In accordance with this regulation, a target value for the quantification limit (LOQ) was set to 1.00 mg L -1 . The "3s criteria" -standard deviation multiplied by multiples of 3 -respectively 3, 6 or 9 times -was applied to determinate LOD and LOQ, respectively [10, 23, 24] .
To estimate LOD, the standard deviation was multiplied by 6 times and to estimate LOQ, the standard deviation was multiplied by 9 times [10, 23, 24] , from an experiment using simple replication of standard solution, at below of the expected LOD = 0.5 mg N-NO 3 -1 L -1 , as it is shown in Table 2 .
10 individual samples of a mixed solution (MS) containing nitrogen from glycine, ammonium, nitrite and nitrate (each one with a contribution of 25% nitrogen, from reference material, NIST traceable) were analysed in order to determine the precision at the asumated LOQ level to 1 mg N-NO 3 -1 L -1 . The relative standard deviation (RSD, %), in terms of reproductibility, was 4.29% (<10%), the recovery was 103.1% (between 95% and 105%), both meeting the criteria of acceptability requirements imposed by the laboratory, as shown in the brackets. 
1.000
The specificity of the method was verified by testing the interference of the organic substances, in accordance with the standard method [4] . Five determinations were conducted using the synthetic samples with a concentration of 2 mg L -1 (N-NO 3 -), enriched in potassium hydrogen phthalate (it inhibits the ability of the potassium peroxodisulfate in oxidation reaction) with the following concentrations, expressed as COD: 50 mg O 2 /l, 120 mg O 2 /l and 200 mg O 2 /l. The test results (table 3) verify the standard provisions [4] and impose the recommendation to use the method only for water matrices having the chemical oxygen demand less than 120 mg O 2 /l or dilutions of them.
The selectivity of the method was verified by comparing the total nitrogen (TN) concentrations obtained by using two methods and analyzing two samples of water with different matrices: surface water and household wastewater. Admitting a bias of 5% between these two methods, the selectivity of this method can be confirmed. The first method allows the calculation of the total nitrogen by summing the nitrogen mineral forms: N-NH 4 - [19] , N-NO3 - [20] , N-NO 2 - [21] , and organic nitrogen, calculated from the difference of Kjeldahl nitrogen [22] and ammonia nitrogen. The second method -water samples mineralization with potassium peroxodisulphate -allows the direct determination of total nitrogen using the calibration curve (Figure 1) . From each matrices of water, 3 replicates of the original sample were individually analyzed.
The results (table 4) show that the method is applicable to the proposed aim. For accuracy a certified reference material was used [15] . Usually, the difference between the certified value and the measured value (∆ m ) must be lower than the expanded uncertainty obtained by combining the certified uncertainty (u CRM ) with the uncertainty of repetability measurements (u m ) [17, 23] . For evaluating the results obtained for CRM (Battle-02, River Water Sample, Environment Canada) the "2-sigma limit" criterion was used, because this criterion was used by the producer (Table 5) . The precision of the method in terms of the repeatability (same operator, and equipment, on the same day) and reproducibility (different operators and equipment, in different days) was evaluated by the coefficient of variation and in accordance with the provisions of Appendix A of the standard method [4] . The results obtained from analyzing the 6 independent samples, are presented in Table 6 . 313 Note: *sr, sR -standard deviation in terms of repeatability or reproducibility; **CVr, CVR -coefficient of variation, in terms of repeatability or reproducibility
The recovery was verified in compliance with the standard method [4] provisions (Annex B) using solutions with nitrogen originated from ethylenediaminetetraacetic acid disodium salt (EDTANa 2 ) and urea (Table 7) . Recovery fulfill the conditions of the standard method [4] in Annex B. The uncertainty of the method was assessed [9, 10, 14] using synthetic samples with a concentration at a quantification limit, LOQ = 1 mg N L -1 , and real matrices: surface water and wastewater.
All possible sources of uncertainty were identified. Using propagation of uncertainty the combined standard uncertainty was calculated. The extended uncertainty was calculated by multiplying the combined standard uncertainty with a coverage factor (k = 2 for a level of confidence of 95%) [9] .
The sources of uncertainty during the analysis identified and quantified [9] by processing a surface water sample are: the mean concentration (of repeatability) of 10 samples, the calibration curve plotting (preparation standard and calibration), equipment (UV-VIS), laboratory glassware and degree of recovery.
For the mentioned samples the expanded relative uncertainty for determination of the total nitrogen by catalytic oxidation with potassium peroxodisulfate is 13.8 %.
The expanded relative uncertainty for determination of the total nitrogen by catalytic oxidation with potassium peroxodisulfate was assumed at 15 %.
CONCLUSIONS
The method presents an adequate alternative for the determination of the nitrogen in water samples in a relative short time, minimizing the analysis cost. The implementation of the method for current use in laboratory imposed the necessity of verifying of all the method performance characteristics so that the results provide a high level of confidence.
The performance parameters established and verified in laboratory, give objective evidences that the method is suitable for the purpose, and also that the standard method specifications are complied with and might provide results with a high confidence level.
EXPERIMENTAL SECTION
Method, equipment and materials
The principle of the standardized method [4] provides the oxidizing of the nitrogen forms up to nitrates (free and ammonia nitrogen, nitrates, nitrites and organic compounds with nitrogen) in water samples.
The mineralization of water samples (maximum of 50 ml of the water sample or dilution of sample) is carried out in heat-resistant glass bottles, in alkaline medium (pH = 9.7) with a mix solution (10 ml at 50 ml water samples) of potassium peroxodisulfate, boric acid and sodium hydroxide, in precise conditions of temperature (120 °C) and pressure (maximum 40 kP), in an autoclave, for 30 minutes.
After mineralization, the nitrogen concentration in the obtained solutions is determined from a calibration curve previously drawn using potassium nitrate solution (p.a., Merck manufacturer), in a concentration range of 0. . The procedure consists in measuring the net absorbance (nm) (subtract the value of the absorbance reading at 275 nm from the reading at 210 nm), by using ChemLab software of the molecular absorption spectrophotometer Agilent, type 8453, metrological tested and calibrated.
Analytical purity reagents (p.a.), certified solutions as reference materials, CertiPur Merck [11, 12, 13] and certified reference materialsBattle-02, River Water Sample, Environment Canada [11, 12, 13] , glassware A class and benchmarked measurement equipment were used.
The performance characteristics of the calibration curve were established by the statistical testing of the dispersion linearity and homogeneity [7, 8] . The acceptability criteria of the other parameters analysed for the fitness-for-purpose are in accordance with the standard method [4] , the European and international guides [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] regarding the quality assurance of analytical chemistry measurements.
